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Description 



[POWER AMPLIFIER WITH ACTIVE BIAS 

CIRCUIT] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92128662, filed on October 16, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a power amplifier. More 
particularly, the present invention relates to a power am- 
plifier with active bias circuit for improving power-added 
efficiency (PAE). 

[0004] Description of Related Art 

[0005] Power amplifier (PA) is an important device in the mi- 
crowave circuits. For example, a power amplifier is used 
to amplify the broadcast signals at the transmission (TX) 
terminal of a radio frequency circuit. With the popularity 
of portable communication systems, maximum output 



power and output power efficiency has become the critical 
factors for the development of wireless transmission. 
[0006] The output efficiency of a power amplifier is represented 
by the output power and the output power efficiency. 
Typically, maximum output power is the most important 
factor in output power while power gain and power-added 
efficiency (PAE) are the two most important factors in out- 
put power efficiency. The power gain of an amplifier is 
defined as the ratio of the output power and the input 
power. In other words, a larger power gain implies a 
higher amplifying capacity for the power amplifier. The 
power-added efficiency is the capacity of a power ampli- 
fier to convert direct current (DC) input power into alter- 
nating current (AC) output power. In fact, power-added 
efficiency is defined as the ratio of the direct current (DC) 
input power and the alternating current (AC) output 
power, or PAE = (AC output power DC input power)/DC 
input power. Similarly, the higher the power-added effi- 
ciency, the better the power amplifier is. FIG. 1 is a graph 
showing the relationship of the output power, the power 
gain and the power-added efficiency versus the input 
power of a conventional power amplifier. As shown in FIG. 
1, most power amplifiers have excellent output power lin- 



earity when the input power is small. However, when the 
input power is large, the output power is no longer lin- 
early amplified and results in a drop in the gain. This drop 
in the gain is known as gain compression. The quality of a 
power amplifier can be assessed according to the input 
power at which the gain compression is generated be- 
cause a later generation of the gain compression means 
that the power amplifier has better output linearity and 
maintains a distortion free signal output for a larger input 
power range. 

[0007] FIG. 2 is a circuit diagram of a conventional semiconduc- 
tor transistor power amplifier. As shown in FIG. 2, the 
transistor 202 serves as a power amplifier transistor and 
may be such as a CMOS transistor. In FIG. 2, is the gate 
bias voltage for the transistor 202; P is the input power; 

in 

P is the output power. In a conventional CMOS power 

out 

amplifier, a class-A bias design is often adopted. In the 
class-A bias design, the transistor 202 is biased at half of 
the saturation voltage V thereof so that a full wave 

sat 

transmission of signal is still possible at a larger output 
power level. Hence, the power amplifier can have a higher 
output power and a higher power gain as well as a distor- 
tion free linear operating region. However, the disadvan- 



tage is that most A-class power amplifiers are designed to 
use a single constant gate bias voltage (for example, the 
gate bias voltage of the transistor 202 is still at half V 
). Since output power is equal to voltage multiplied by 

dd 

current, power consumption is only reduced by a little at 
low output power when the current flow is small and 
hence leads to an undesirable waste of DC power. 

[0008] Therefore, in order to increase output power efficiency of 
a power amplifier, the power amplifier sometimes oper- 
ates in a class-AB or class-B operating region. In other 
words, the gate bias voltage of the transistor 202 in 
FIG. 2 is lowered. Thus, the power-added efficiency (PAE) 
of the power amplifier is increased. However, the signal 
waveform is constrained by the gate bias voltage when the 
output power is large so that the maximum output power 
and linearity of the power amplifier is reduced. 

[0009] Hence, to enhance power-added efficiency and lower di- 
rect current power consumption of a power amplifier 
without reducing the maximum output power and linearity 

of operation of the device is important and required. 
Summary of Invention 

[0010] Accordingly, at least one objective of the present inven- 
tion is to provide a power amplifier with an active bias cir- 



cuit capable for increasing the power-added efficiency of 
the amplifier so that direct current (DC) power consump- 
tion is reduced without reducing the maximum output 
power or decreasing the linearity of the output power. 

[0011] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a power 
amplifier with an active bias circuit. The power amplifier 
includes a power amplifier transistor and an active bias 
circuit. The power amplifier transistor has a gate con- 
nected to a gate bias voltage. The active bias circuit is 
connected to an input power terminal and the gate of the 
power amplifier transistor for receiving an input power 
from the input power terminal and applying a bias voltage 
to the gate of the power amplifier transistor. Hence, the 
gate bias voltage will increase in accordance with an in- 
crease of the input power. 

[0012] | n the aforementioned power amplifier, the curve of an in- 
crease of the gate bias voltage versus the input power is 
either a linear curve or a non-linear curve. 

[0013] Preferably, the power amplifier transistor and the active 
bias circuit is manufactured by a system on chip (SOC) 
process. 



[0014] Preferably, the active bias circuit of the aforementioned 
power amplifier includes a diode and a resistor, and the 
equivalent resistance of the diode varies corresponding to 
the input power. 

[0015] This invention also provides an integrated circuit for a 

power amplifier with an active bias circuit. The integrated 
circuit includes a power output device, a power amplifier 
transistor, an active bias circuit and a power input device. 
The power amplifier transistor has a gate connected to a 
gate bias voltage. The active bias circuit is connected to 
the power output device and the gate of the power ampli- 
fier transistor for receiving input power from the power 
output device and applying a bias voltage to the gate of 
the power amplifier transistor. Hence, the gate bias volt- 
age will increase in accordance with an increase of the in- 
put power. The power input device is connected to an 
output terminal of the power amplifier transistor for re- 
ceiving the amplified output from the power amplifier 
transistor. 

[0016] | n the aforementioned integrated circuit, the curve of the 
increase of the gate bias voltage versus the input power is 
either a linear curve or a non-linear curve. 

[0017] Preferably, the power amplifier transistor and the active 



bias circuit is manufactured by a system on chip (SOC) 
process. 

[0018] Preferably, the active bias circuit of the aforementioned 
integrated circuit includes a diode and a resistor, and the 
equivalent resistance of the diode varies corresponding to 
the input power. 

[0019] This invention also provides a method of providing a gate 
bias voltage to a transistor power amplifier according to 
the input power. The method includes providing an input 
power and then outputting a gate bias voltage corre- 
sponding to the input power wherein the gate bias voltage 
is increased in accordance with the input power. 

[0020] | n the aforementioned method, the curve of the increase 
of the gate bias voltage versus the input power is either a 
linear curve or a non-linear curve. 

[0021] Accordingly, the power amplifier of the invention can pro- 
vide a lower gate bias voltage (close to the operating 
range of a conventional class-AB or class B power ampli- 
fier) when the input power is low, and a higher gate bias 
voltage (close to the operating range of a conventional 
class-A power amplifier) when the input power is high. 
Therefore, the power amplifier of this invention has a high 
output power and linearity of operation as well as a high 



power- added efficiency regardless of whether the input 
power is low or high. 
[0022] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0023] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0024] FIG. 1 is a graph showing the relationships of output 

power, power gain and power-added efficiency versus in- 
put power of a conventional power amplifier. 

[0025] FIG. 2 is a circuit diagram of a conventional semiconduc- 
tor transistor power amplifier. 

[0026] FIG. 3 is a circuit diagram of a power amplifier with an ac- 
tive bias circuit according to one embodiment of this in- 
vention. 

[0027] FIG. 4 is a graph showing the relationship of the equiva- 
lent resistance versus the input power of a diode. 



[0028] FIG. 5 is a graph showing the relationship of the gate bias 
voltage versus the input power for a power amplifier with 
active bias circuit of the invention and a conventional A- 
class power amplifier. 

[0029] FIG. 6 is a graph showing the relationships of output 

power, power gain and power-added efficiency versus in- 
put power for a power amplifier with active bias circuit ac- 
cording to this invention and the similar relationships of a 
conventional class-A power amplifier. 

[0030] FIG. 7 is a circuit diagram of a CMOS power amplifier with 
an active bias circuit according to one embodiment of this 
invention. 

[0031] FIG. 8 is a graph showing the relationship of the output 
current versus the gate bias voltage of the two transistor 
circuits inside the active bias circuit according to one em- 
bodiment of this invention. 

[0032] FIG. 9 is a graph showing the relationship of the drain- 
to-source current versus the input power of a power am- 
plifier with an active bias circuit according to this inven- 
tion and a conventional A-class power amplifier. 
Detailed Description 

[0033] Reference will now be made in detail to the present em- 
bodiments of the invention, examples of which are illus- 



trated in the accompanying drawings. Wherever possible, 
the same reference numbers are used in the drawings and 
the description to refer to the same or like elements. 
[0034] FIG. 3 is a circuit diagram of a power amplifier with an ac- 
tive bias circuit according to one embodiment of this in- 
vention. As shown in FIG. 3, the power amplifier 300 com- 
prises a transistor 302 and an active bias circuit 304. The 
transistor 302 serves as a power amplifier transistor such 
as a CMOS transistor. V is a gate bias voltage applied to 
the transistor 302. P is an input power and P is an 

in out 

output power. The active bias circuit 304 further com- 
prises a diode 306 and a resistor 308. FIG. 4 is a graph 
showing the relationship of the equivalent resistance ver- 
sus the input power of a diode. As shown in FIG. 4, when 
a signal with a definite power passes through a parallel 
connected diode, the equivalent resistance of the diode 
will decrease with an increase in the signal power regard- 
less of whether the diode is set in forward or reverse bias. 
Hence, if the input power P of the active bias circuit 304 

in 

in FIG. 3 is low, the active bias circuit 304 is equivalent to 
a voltage divider constructed by a forward bias diode and 
a serially connected and grounded resistor with high re- 
sistance. Thus, by adjusting the resistance of the resistor, 



the transistor 302 can be operated at a lower gate bias 
voltage V (that is, the gate bias voltage V is in the 
conventional class-AB or class-B operating range). In 
other words, when the input power P is low, the power 

in 

amplifier 300 with the active bias circuit is able to provide 
a higher power-added efficiency (PAE) so that the DC 
power consumption is reduced. 
[0035] on the other hand, when the input power P in FIG. 3 is 

in 

increased, the equivalent resistance of the diode 306 is 
reduced so that the diode 306 voltage difference between 
the diode 306 is increased. Consequently, with an in- 
crease of the input power P ^ the gate bias voltage V i 
applied to the transistor 302 is also increased (that is, the 
gate bias voltage V is in the conventional class-A oper- 
ating range). In other words, the power amplifier 300 with 
the active bias circuit is able to provide a higher output 
power and an excellent linearity of the output power simi- 
lar to a conventional class-A power amplifier. 
[0036] FIG. 5 is a graph showing the relationship of the gate bias 
voltage V applied to the transistor 302 of the power am- 
plifier 300 in FIG. 3 and the gate bias voltage V applied 

g 

to the transistor of a conventional A-class power amplifier 
versus the input power. As shown in FIG. 5, the conven- 



tional A-class power amplifier always has an almost con- 
stant gate bias voltage value regardless of whether the in- 
put power is high or low. In the power amplifier of this in- 
vention, the gate bias voltage value is low when the input 
power is low and the gate bias voltage value is high when 
the input power is high. 
[0037] FIG. 6 is a graph showing the relationship of the output 

power, power gain and power-added efficiency versus the 
input power for a power amplifier with active bias circuit 
according to this invention and the similar relationships of 
a conventional class-A power amplifier. As shown in FIG. 
6, the power amplifier according to this invention has a 
higher power-added efficiency than a conventional class- 
A power amplifier since as shown in FIG. 5, the gate bias 
voltage of a conventional A-class power amplifier is al- 
most constant and the gate bias voltage of the power am- 
plifier of this invention is dependent on the input power. 
Thus, when the input power is low, the power amplifier 
has a low gate bias voltage (close to the operating range 
of a conventional class-AB or a class-B amplifier). Con- 
versely, when the input power is high, the power amplifier 
has a high gate bias voltage (close to the operating range 
of a conventional class-A amplifier). In other words, the 



power amplifier of this invention is able to provide both 
high output power and excellent linearity as a conven- 
tional class-A amplifier and to provide a high power- 
added efficiency as a conventional class-AB or class-B 
amplifier. 

[0038] FIG. 7 is a circuit diagram of a CMOS power amplifier with 
an active bias circuit according to one embodiment of this 
invention. As shown in FIG. 7, the CMOS power amplifier 
700 comprises a transistor 702, an active bias circuit 704 
and other circuits including inductors and capacitors for 
impedance matching. The transistor 702 is a major com- 
ponent serving as a power-amplifying transistor in the 
power amplifier 700. The active bias circuit 704 is a circuit 
for providing the transistor 702 with a gate bias voltage V 

. The inductors and capacitors together form an 
impedance matching network. 

[0039] inside the active bias circuit 704, a transistor 712 func- 
tions as a diode and transistors 714, 716 serve to adjust 
the gate bias voltage and set the basic level of the gate 
bias voltage curve as well as provide a cutter for high fre- 
quency signals. A depletion transistor 718 functions as a 
diode and connects serially with a resistor 720. Although 
the equivalent resistance of the transistor 718 will vary 



corresponding to the power of the signal, however, the 
overall effect of the transistor 718 and the resistor 720 is 
to adjust the basic level of the gate bias voltage because 
the resistance of the resistor 720 is substantially higher 
than the resistor 714 and 716. 
[0040] FIG. 8 is a graph showing the relationship of the output 

current versus the gate bias voltage for two transistor cir- 
cuits inside the active bias circuit shown in FIG. 7. As 
shown in FIG. 8, the curves of the output current for tran- 
sistor 712 versus the gate bias voltage V is represented 

gbl 

by a plurality of curves LI with a scale labeled on the right 

vertical axis. Similarly, the curve of the output current for 

transistor 718 versus the gate bias voltage V is repre- 

gbl 

sented by a curve L2 with a scale labeled on the left verti- 
cal axis. In FIG. 8, the LI curves show the output current 

of the gate bias voltage V for four different input power 

gbl 

levels (e.g., input power of 20dBm, -lOdBm, OdBm and 
5dBm respectively). It is noted that the gate bias voltage V 

gbl 

increases with an increase of the input power. Further- 
more, the gate bias voltage V of the cross points of the 

gbl 

left curve L2 and the right curves LI is the gate bias volt- 
age V applied to the power-amplifying transistor 702. 
gbl 

Therefore, the gate bias voltage V applied to the tran- 

gbl 



sistor 702 increases when the input power is increased. 

[0041] FIG. 9 is a graph showing the relationship of the drain- 
to-source current versus the input power for a power am- 
plifier with an active bias circuit according to this inven- 
tion and a conventional A-class power amplifier. A con- 
ventional A-class power amplifier always has an almost 
constant gate bias voltage regardless of whether the input 
power is high or low. Therefore, the effect of input power 
on drain-to-source current is minimal. In the power am- 
plifier of this invention, the gate bias voltage is low when 
the input power is low so that the drain-to-source current 
is small. Conversely, the gate bias voltage is high when 
the input power is high so that the drain-to-source cur- 
rent is large. Since power is equal to the product of cur- 
rent and voltage, the power amplifier of this invention has 
a small DC power consumption and a relatively high 
power-added efficiency due to a small voltage and current 
when the input power is low. On the other hand, the 
power amplifier has a current and voltage similar to a 
conventional class-A amplifier when the input power is 
high, therefore, a higher output power and excellent lin- 
earity are achieved. 

[0042] | n another embodiment of this invention, the power am- 



plifier and the active bias circuit may be manufactured by 
using a system on chip (SOC) process. In an SOC product, 
the electrical isolations between either active devices or 
passive devices are very important. Thus, the inductors 
and transistors are disposed within a deeper N-type 
doped area to prevent any mutual signal interference. 

[0043] Accordingly, the power amplifier of the invention can pro- 
vides a lower gate bias voltage (close to the operating 
range of a conventional class-AB or class B power ampli- 
fier) when the input power is low, and a higher gate bias 
voltage (close to the operating range of a conventional 
class-A power amplifier) when the input power is high. 
Therefore, the power amplifier of this invention has a high 
output power and linearity of operation as well as a high 
power-added efficiency regardless of whether the input 
power is low or high. 

[0044] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



